Syrtis Major is an old, low relief volcanic plateau near the equatorial regions of Mars. It is a persistent low-albedo feature on the planet and is thought to contain a high abundance of exposed bedrock and/or locally derived surface material and debris. Spatially resolved variations in surface spectral properties, and therefore composition, are investigated with data from the Imaging Spectrometer for Mars (ISM) instrument. ISM obtained 128 wavelength channel spectra from 0.76 to 3.16 •m for contiguous pixels approximately 22 x 22 km in size across much of the plateau. The value and spatial distribution of four primary spectral variables (albedo, continuum slope, wavelength of the ferric-ferrous band minimum, area of the ferric-ferrous absorption) are mapped and coregistered to Viking digital photomosaics. Analysis of these maps shows that although there is a high degree of overall spectral variability on the plateau, the key indicators of mafic mineralogy are relatively homogeneous. Detailed examination of reflectance spectra from representative areas across the plateau indicate the volcanic surface is dominated by augire-bearing basalts and the pyroxene composition in the basalts is estimated to be 0.275+ 0.075 Ca/(Ca+Fe+Mg) and 0.3+ 0.1 Fe/(Fe+Ca+Mg). Additional mineral components may include olivine, feldspar, and glass. Most of the spectral variability on the plateau is interpreted to result from mixing of volcanic bedrock and/or locally derived surface material and debris with highly altered dust and soil. In western Syrtis Major the altered material is a transient component on the surface or occurs in large spat/ally coherent patches (e.g., crater rims). In eastem Syrtis Major it is apparent that the dust components are firmly fixed to the basaltic substrate as a stable oxide find or coating. Syrtis Major has been recognized for many years because it is a persistent low albedo feature on the planet [e.g., Antoniadi, 1930] but is notable because it is known to change in albedo and shape seasonally. In general, the eastern border of Syrtis Major changes more drastically than the western border [Slipher, 1962] . Syrtis Major has been observed to brighten and shrink in size after major dust storms then increase in size and darken during the ensuing months. This indicates that the processes of deposition and erosion are occurring with great regularity. Because equatorial dark regions Syrtis Major is investigated in this analysis with ISM data to characterize the spectral properties of the surface, to identify the major mafic mineralogy of the volcanic materials, and to derive estimates of the chemistry of these minerals. This is achieved by (1) calibration of ISM data to a spectral model for Mars, (2) identification and mapping of major spectral variables to determine the associations of spectral variability with surface morphology, (3) detailed examination of ISM spectra from surface regions which display end-member combinations of spectral properties, (4) interpretation of these spectra to characterize the major mafic mineralogy of the volcanic plateau, (5) estimate the chemistry of the major mafic minerals, and (6) discussion of possible source of spectral variability observed that are unrelated to differences in ferric and ferrous mineralogy. The spectrum from the cratered highlands around the Isidis basin exhibits a ferric absorption that is slightly broader, has a minimum at longer wavelengths, and is weaker than the spectrum from the Isidis basin. It also has a relatively strong negative spectral slope but no evidence of any additional absorptions. 
Syrtis Major is investigated in this analysis with ISM data
to characterize the spectral properties of the surface, to identify the major mafic mineralogy of the volcanic materials, and to derive estimates of the chemistry of these minerals. This is achieved by (1) calibration of ISM data to a spectral model for Mars, (2) identification and mapping of major spectral variables to determine the associations of spectral variability with surface morphology, (3) detailed examination of ISM spectra from surface regions which display end-member combinations of spectral properties, (4) interpretation of these spectra to characterize the major mafic mineralogy of the volcanic plateau, (5) estimate the chemistry of the major mafic minerals, and (6) discussion of possible source of spectral variability observed that are unrelated to differences in ferric and ferrous mineralogy.
ISM INSTRUMENT AND DATA REDUCTION

Instrument Characteristics
Detailed descriptions of the ISM instrument are provided by Bibring et al., [1989 Bibring et al., [ , 1990 and Erard et al., [1991] . The ISM instrument is a scanning imaging spectrometer that covers the spectral range 0.76 to 3.16 txm. For each pixel, the 128 spectral measurements are acquired simultaneously. A twodimensional image of the surface is obtained by rotating the entrance mirror to scan in the cross track direction for the image samples and the forward motion of the spacecraft provides the image lines. The spectral dispersion is obtained by using a grating,whose the first and second orders are exploited. These two orders are separated by a beam splitter and filters and measured by four groups of 32 cooled PbS detectors. These have been designated first and second order odd and even. The odd channels acquire data 23' perpendicular to the scan direction from the even channels. Extensive evaluation of data quality and integrity has shown that the even detectors are superior overall to the odd detectors .
Therefore the even channels for the first and second order are used which results in 64-channel spectra for each point on the surface. The signal to noise of the even channel data is extremely high and averages greater than 500:1 for data from 0.77 to 1.51 txm and 1.68 to 2.6 txm. The detector sensitivity drops off slightly at the extremes of the wavelength ranges used here but only drops below 100:1 at wavelengths longer than 2.6 •m.
The ISM experiment acquired 11 imaging spectrometer data sets for the surface of Mars. The atmospheric opacity during the observations was uniformly low, estimated to be 0. from the altitude of orbit of 6300 km, corresponds to a surface resolution of approximately 22x22 km at normal incidence. In the rest position, the viewing plane of the instrument was oriented parallel to the Sun's rays and therefore at the subsolar point, the incidence angle equals the emergence angle and the phase angle is 0 ø. The scanning mirror permits some variation from this geometry, and the phase angle varies =5 ø for each window and is always less than 20 o . Incidence and emergence angles are a function of longitude and latitude. The image data for a given window were acquired over a period of 25 minutes and therefore the effects of temporal variability in the atmosphere are minimal. There is a systematic increase in atmospheric path length with distance from the subsolar point. The ground track of the Syrtis Major ISM window overlain on the Viking orbiter digital photomosaics MC13SW and MC13SE is shown in Figure 1 .
Data Reduction
Detailed discussions of general data reduction are presented in the appendix. Briefly, all well-characterized instrumental, solar, and atmospheric effects are removed in a series of additive and multiplicative steps, including new corrections for the third-order overlap. As part of this process, an improved spectral model for Phobos, based on laboratory meteorite spectra with an additive thermal component, is used. The atmospheric contribution to the data is removed using a atmospheric model and an atmospheric depth estimated by the strength of the 2.0-1xm CO 2 absorption measured by ISM.
Absolute radiometric accuracy is estimated to be 10% [Erard et al., 1991] . Detailed examination of calibrated ISM data from the Isidis-Syrtis Major region indicates that there are small (1-3 %) systematic offset errors in addition to radiometric inaccuracies related to the Phobos spectral model. The offset errors are remarkably uniform and are only visible because of the extraordinary signal to noise performance (=500:1) of the instrument .
To correct for these remaining calibration concerns, a spectral model for bright and dark regions of Mars based on the telescopic observations of McCord et al. [1982] is used ( Figure   2 ). The ISM data were searched to find the closest match to the spectral model in both albedo and general slope. Spectra from the matched regions are averaged and then regressed against the model spectra to determine a set of gain and offset corrections which are then applied to the entire image. Inspection of the corrected data indicates that systematic and persistent offset errors have been removed and the shape of the spectra are more consistent with the large body of telescopic data.
SPECTRAL ASSOCIATIONS ON SYRTIS MAJOR
The high spectral and spatial resolution of the ISM data permits detailed examination of the spatial variability in surface spectral properties, and the investigation of associations with surface morphology and features. This approach is taken in the following analyses by first determining the principal spectroscopic variables in the ISM data and then mapping their spatial distribution. Although the physical causes of the spectroscopic variation can be nonunique, the mapped distributions, interrelationships between variables, and associations with surface morphology can be used to narrow the possibilities. Furthermore, detailed examination of absorption band shape in reflectance spectra from areas of the surface with distinct combinations of spectral properties allows for increased refinement of the interpretation of surface composition.
Spatial Variations in Spectral Properties
Examination of representative ISM reflectance spectra for many different morphologic regions indicate the range of spectral properties of these data are dominated by four primary variables: albedo, spectral slope, wavelength of the ferric or ferrous band minimum between 0.85 and 1.0 pro, and the area (strength) of this band [Mustard et al., 1990] Although variations in band area can be related to several mineralogic and surface phenomena, the primary difference in band area between the Isidis basin and the volcanic plateau is a mineralogic effect. The larger band areas associated with the volcanic plateau reflect the presence of mafic minerals. However, on the plateau there is an additional level of variation, compared to the image of band minimum, that is probably unrelated to simple differences in mineralogy. The specific causes of these variations are likely to be a combination of grain size and mixing.
The spectral slope variable, shown in Plate lc, shows the greatest complexity. The bright areas in the Isidis basin are characterized by flat spectral slopes while the cratered highlands and basin rim show slightly negative values. The plateau is bisected along the central axis with steep, negative spectral slopes concentrated in eastern half and flat to slightly negative spectral slopes in the west. There are areas along the topographic axis of Syrtis Major near Nili Patera that have spectral slopes as flat as the bright areas in the Isidis Basin.
If spectral slope were due primarily to atmospheric scattering, then the slope magnitude should be positively correlated with atmospheric path length and therefore emergence angle. Also, since aerosol scattering is an additive component of the measured radiation, it will result in a larger apparent slope for low-albedo surfaces compared to high- The spectrum from the cratered highlands around the Isidis basin exhibits a ferric absorption that is slightly broader, has a minimum at longer wavelengths, and is weaker than the spectrum from the Isidis basin. It also has a relatively strong negative spectral slope but no evidence of any additional absorptions. These features may be interpreted to indicate mixing of mainly ferric dominated materials with a small amount of less altered rock containing mafic minerals or changes in grain size and the relative amounts of ferric components in the soil [Morris et al., 1990] . If however, the stronger negative spectral slope is due to a physical process such as mineral coatings or surface textures [Singer and Roush, 1983; Fischer et al., 1991] , then the apparent band broadening coupled with band weakening could be due to the simple effects of the spectral slope.
The spectra from the surface of Syrtis Major express a high degree of spectral variability compared to the brighter terrains in the Isidis basin and surrounding basin rim. Spectra from eastern Syrtis Major (east Syrtis A, east Syrtis B) display a strong negative spectral slope (Plate lc) that is particularly evident in the normalized reflectance spectra presented in By using a series of simple additive and multiplic-ative mathematical tasks to reduce the spectral contrast and impart a negative spectral slope to a laboratory spectrum of a Shergottite, a good qualitative agreement between the remote and laboratory measurements is obtained (Figure 8 We would predict the contribution of ferric spectral properties to the ISM measurements will differ for each of these regions. In extreme western Syrtis the contribution would be through spatial spectral mixing, in western Syrtis a weak combination of spatial and nonlinear mixing, and for eastern Syrtis the contribution would be primarily nonlinear spectral mixing through coatings. This is precisely the systematics observed in the ISM data. In fact, most of the albedo and spectral slope features observed in the ISM data can be directly related to features observed in the hemisphere mosaic produced by the U.S. Geological Survey (Soderblom, 1992) . The Viking images were acquired in 1979, while the ISM data were acquired in early 1989, about 5.5 Martian years later. Yet the Viking images provide a realistic data base for interpreting the ISM spectral results.
The albedo of Syrtis Major is known to wax and wane as a result of the deposition of dust during global dust storms and the subsequent stripping of the thi,n airfall deposits [Christensen, 1986; Lee, 1987] . Syrtis Major is thought to be a vigorous eolian environment with strong east to west regional winds providing the major stimulus to the stripping of dust [Lee, 1987] Direct comparisons with CCD images of the Syrtis Major-Isidis area indicate a very high agreement in spatial distribution of surface spectral components and in spectral ratio images . The principal differences between the data sets are due to differences in atmospheric opacity.
Absolute and relative accuracy. Systematic uncertainties in the absolute radiometric accuracy the ISM data are closely related to the assumptions of the spectral properties of the standard areas in Amazonis and Syrtis Major. Reliable measures of the absolute reflectance of the surface at the spatial and spectral resolution of the ISM data are not available. Since the spectral model is based on telescopic observations, the shape of any ISM reflectance spectrum is technically only relative to the spectral model. This calibration does, however, provide the best estimate of surface reflectance until independent observations are obtained with precision and spatial resolution comparable to ISM. Based on the above analyses, the absolute radiometric accuracy is estimated to be 5%. The relative accuracy is much higher. Analysis of the signal to noise performance provides estimates of uncertainty of less than 3 x 10 -3 over most of the spectral domain. This is supported by data analysis where measurements of both strong and weak relative spectral properties are equable in regions of overlapping data coverage Bibring et al., 1989] . Spectral regions of the ISM data where inaccuracies may exist due to the method of atmospheric removal include narrow wavelength intervals centered near 1.44, 2.0, and 2.7 [tm and the long-wavelength continuum properties due to difference in aerosol opacity and viewing conditions.
